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(54) Antenna device 

(57) The invention provides an antenna device (1 0). 
comprising: an antenna body (11) including a conductor 
(15), an equivalent circuit of said conductor comprising 
an Inductive component [i) and a resistive component 
(R) in a series connection, wherein a frequency adjust- 
ing circuit (12) including at least a parallel circuit (16) of 
a switching element (D1) and a passive element (CI 2) 
is connected to said conductor (15) of said antenna 



txxiy (1 1 ). The antenna Ixxly (1 1 ) is connected in series 
with said frequency adjusting circuit (12). 

The invention enal>les to provide a compact 
antenna device for use in a mobile communication 
apparatus that performs transmission and reception on 
frequencies in a wide range. 




FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to an antenna device and, more particularly, to an antenna device comprising an 
antenna body induding a conductor, an equivalent circuit of said conductor comprising an inductive component and a 
resistive component in a series connection. The antenna device is used for a mobile communication apparatus such as 
10 a mobile telephone and a pager. 

2. Related Art of the Invention 

Generally, bandwidth x gain = constant if the volume of an antenna remains constant, and an antenna having a 
IS increased volume or a plurality of antennas having different resonant frequencies are used to expand the bandwidth 
with the gain maintained so that the antenna works with a nfK3bile communication apparatus which requires a wide band 
for accommodating transmission and reception frequencies therewrthin. The former case is represented by a 10 cm 
whip antenna, 5/8 times the wavelength of a reception frequency or the wavelength of a transmission frequency in the 
system of PDC (Personal Digital Cellular) 800, one type of portak)le telephone, having a reception frequency of about 
20 818 MHz, a transmission frequency of about 948 MHz. a bandwidth of 16 MHz for each of transmission and reception. 
The latter case is represented t>y a receiving loop antenna 61 and a transmitting inverted F antenna 62. tx>th. mounted 
on a board 63 as shown in FIG. 15 in a duplex pager system having a reception frequency of about 940 MHz, a trans- 
mission frequency of ^bout 901 .5 MHz and a bandwidth of 1 MHz for each of transmission and reception. 

However, if the bandwidth of the atxwe converTtional antenna is widened to transmit and receive on frequencies in 
25 a wide range for use in a mclbi\e communication apparatus, the volume of the antenna has to be increased, a plurality 
of antennas having different resonant frequencies have to be nfX)unted on a circuit board, arxj as a result, the antenna 
occupies a wide area in the mobile communication apparatus. This presents difficulty implementing compact design in 
the mobile communication apparatus. 

30 SUMMERY OF THE INVEIMTION 

The present invention has been developed to overcome such a problem, and provides a compact antenna device 
for use in a mobile communication apparatus capabUe of transmission and reception on frequencies in a wide range. 

The present invention provides an antenna device of the above mentioned kind, wherein a frequency adjusting cir- 
35 cuit including at least a parallel circuit of a switching element and a passive element is connected to said conductor of 
said antenna body. The antenna body is preferably connected in series vtrith said frequency adjusting circuit. 

Since the parallel circuit constituting the switohing element and the passive element is connected, preferably in 
series with the antenna body, the capadtive component or inductive component of the antenna device is changed by 
turning on or off the switching element. 
40 The resonant frequency of the antenna device is thus changed without changing the gain of the antenna device. As 
a result, even the antenna device itself has a nanow bandwidth, it works in a wide range of frequency, and is thus used 
in the mobile communication apparatus performing transmission and reception on frequencies in a wide range. 

Since the antenna body and the parallel circuit constituting the switching element and the passive element can be 
mounted on the circuit board, a compact design is implemented in the antenna device. The antenna device can thus be 
45 mounted on a portable mobile communication apparatus performing transmission and reception on frequencies in a 
wide range. 

The compactly designed antenna device allows itself to be housed in the apparatus body of the mobile communi- 
cation apparatus, thereby eliminating any projections from the mobile communication apparatus. 

In the above antenna device, said passive element may be a capacitance element and/or an inductance element. 
50 When the passive element is a capacitance element, since the parallel circuit constituting the switohing element 
and the capacitance element is connected in series with the conductor of the antenna body, the capadtive component 
of the antenna device is changed by turning on or off the switching element The resonant frequency with the switching 
element turned on is set to be lower and the resonant frequency with the switching element turned off is set to be higher. 

When the passive element is a inductance element, since the parallel circuit constituting of the switching element 
55 and the inductance element is connected in series with the antenna body, the inductive component of the antenna 
device is changed by turning on or off the switching element. The resonant frequency witii the switching element turned 
on is set to be higher and the resonant frequency with the switching element turned off is set to be lower. 

In the above antenna devk;e, said frequency adjusting drcuit may be connected in series between said conductor 
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of said antenna body and a high-frequency circuit. 

By this structure, the one end of the conductor of the antenna body is grounded through the capacitors for adjusting 
the Input inpedance of the antenna device, and the other end of the antenna body is left open, and the antenna deAce 
has thus a structure equivalent to a mono-pole antenna. Tbe antenna device has a widened bandwidth, and works in a 
5 wider frequency range, and is thus used in the mobile communication apparatus perfbrming transmission and reception 
on frequencies in a wider range. 

In the above antenna device, said antenna body may be connected in series between said frequency adjusting cir- 
cuit and a high-frequency circuit. 

By this structure, the one end of the conductor of the antenna body is grounded, and the other end of the antenna 
10 body is grounded through the frequency adjusting drcuit. and the antenna device has thus a structure equivalent to a 
loop antenna. The antenna device is therefore affected less by the environment surrounding it, and the antenna char- 
acteristics such as gain and directivity are improved. 

In the atxive antenna device, another capacitance element for adjusting the input impedance of the antenna device 
may be connected in series with said parallel circuit of said switching element and said passive element. 
15 By this structure, the input impedance of the antenna device can be adjusted by adjusting the capacitance value of 
the capacitor. 

Even if the input impedance of the antenna device deviates from the characteristic impedance of the radio fre- 
quency circuit of the mobile communication apparatus to which the antenna device is mounted, the input impedance 
will be adjusted by turning on and off the switching element. 
20 In the dbovB antenna device, the antenna body may be a chip antenna which comprises a base made of at least 
one of a dielectric material and a magnetic material, at least one said conductor formed at least on an external surface 
of said base or within said base, and a feeding terminal, which is provided on the surface of said base and to which one 
end of said conductor is connected. 

By this structure, the antenna body having the t3ase manufactured of at least one of the dielectric material and the 
25 magnetic material slows velocity of propagation, shortening wavelength, and let e represent dielectric constant of the 
base, effective transmission line length is multiplied by e^^. thereby becoming longer than the effective transmission line 
length of conventional wire-like antenna. The area of current distribution is therefore expanded, increasing quantity of 
radiated radio wave and enhancing gain of the antenna device. 

In the above antenna device, saki switching element constituting said parallel circuit is mounted on said antenna 
30 body, and sakJ passive element Is provkJed within said antenna body. 

By this structure, the antenna body, and the parallel circuit constituting of the switching element and the passive 
element, connected in series with the conductor of the antenna body, are integrated into a unitary txxiy as the antenna 
component, and the frequency adjustment of the antenna device is thus performed in the antenna component only. 

Variations in performance of the antenna device is therefore caused less by variations in the mounting conditions 
35 of other parts such as resistors and capacitors, the yield of the antenna device is inaeased. and as a result the yield 
of the mobile communk:atk>n apparatus is accordingly increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 FIG. 1 is a chematic diagram showing the first embodiment of the antenna device of the present inventkm. 
FIG. 2 is a partial top view of the antenna device of FIG. 1. 

FIG. 3 is a graph showing the reflection coeffkaent and gain of the antenna device of FIG. 2 with the switching ele- 
ment turned on. 

FIG. 4 is a graph showing the reflectk)n coefficient and gain of the antenna device of FIG. 2 with the swftcNng ele- 
45 ment turned off. 

FIG. 5 is a schematic diagram showing the second embodiment of the antenna device of the present invention. 
FIG. 6 is a schematic diagram showing the third embodiment of the antenna device of the present invention. 
FIG. 7 is a partial top view showing the antenna device of FIG. 6. 

FIG. 8 is a graph showing the gain and voltage standing wave ratio of the antenna device of FIG. 6 with the switch- 
50 ing element turned on. 

FIG. 9 is a graph showing the gain and voltage standing wave ratio of the antenna device of FIG. 6 with the switch- 
ing element turned off. 

FIG. 10 is a schematic diagram showing the fourth embodiment of the antenna device of the present invention. 
FIG. 11 is a perspective view showing the antenna body constituting the antenna device of FIG. 1 . 
55 FIG. 12 is a perspective view showing the internal structure of the modification of the antenna body of FIG. 1 1 . 

FIG. 1 3 is a perspective view showing the internal structure of another modification of the antenna Ixxiy of FIG. 1 1 . 
FIG. 1 4 is a perspective view showing the antenna component constituting the antenna device of FIG. 1 . 
FIG. 15 is perspective view showing the conventk>nal antenna device. 
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PREFERRED EMBODIMENTS OF THE PRESENT INVENTION 

Other features and advarrtages of the present invention will become apparent from the following description of the 
invention which refers to the accompanying drawings. 
5 FIG. 1 Is a schematic dagram of a first embodiment of the antenna device of the present invention. An antenna 
device 10 includes an antenna body 1 1 and a frequency adjusting circuit 12. 

The antenna body 1 1 has an equivalent circuit in which an inductive component L and a resistive component R are 
connected in series, and a conductor 15 having one end 13 as a feeder end and the other end 14 as a free end. 
The frequency adjusting circuit 12 includes a diode D1 as a switching element, capacitors C11. C12, and resistor 
10 R11. The anode of the diode D1 is connected to the one end 13 of the antenna body 1 1 while being grounded via a 
series circuit of the resistor R1 1 and capacita Cl 1 , and a control voltage Vc for controlling the diode D1 for on and off 
operations is coupled to the node of the resrsta R1 1 and the capacitor C11 . 

The cathode of the diode D1 is connected, via capacitor CIS for adjusting the input impedance of the antenna 
device 10. to a radio frequency circuit RF of a mobile communication apparatus to which the antenna device 10 is con- 
15 nected, and is also grounded via a capacitor CI 4. Furthermore, the cathode of the diode D1 is grounded via a resistor 
R12. 

The capacitor 012 as a capacitance element is connected in parallel with the diode D1 . The frequency adjusting 
circuit 12 including a parallel circuit 16 constituting the diode D1 and the capacitor CI 2 is connected in series with ttie 
one end 13 of the conductor 15 of the antenna body 11. 

20 FIG. 2 is a partial top view of the antenna device 10 of FIG. 1 . The antenna device 10 is produced by mounting, on 
a circuit board 1 9 having transmission lines 1 7a - 1 7d and a ground electrode 1 8 thereon, the antenna body 1 1 , the fre- 
quency adjusting circuit 1 2 that is constructed of the diode D1 , capacitors C1 1 , 01 2 and resistor R1 1 , and capacitors 
013, 014 and resistor R12 for adjusting the input inpedance of the antenna device 10. 

The one end 13 of the antenna body 1 1 is connected to the anode of the diode D1 via the transmission line 17a 

25 while being connected to the ground electrode 1 8 via the transmission line 1 7a, resistor R 1 1 , transmission line 1 7b and 
capacitor Oil. 

The cathode of the diode D1 is connected to the radio frequency circuit RF via the transmission line 1 7c, capacitor 
CI 3, and transmission line 17d while being connected to the ground electrode 18 via the transmission line 17c, capac- 
itor 013, transmission line 17d and capacitor 014. The cathode of tiie diode D1 is also connected to the ground elec- 
30 trode 18 via the transmission line 17c and resistor R12. The capacitor 012 is connected in parallel witii the diode D1 
via the transmission lines 17a and 17c. 

FIG. 3 shows the reflection coefficient and gain of the antenna device 10 shown in FIG. 2 with the diode D1 turned 
on. and FIG. 4 shows the reflection coefficient and gain of the antenna device 10 shown in FIG. 2 with the diode D1 
turned off. Referring to FIGS. 3 and 4, full lines represent tiie reflection coefficient and broken lines represent the gain, 
35 and points A and B (marks a in FIGS. 3 and 4) show resonant frequencies in respective cases (with the diode D1 turned 
on and off). The capacitance values of capacitors 01 1 . 01 2, 01 3 and 014 are 1 000 pF, 1 pF. 1 000 pF and 2 pF, respec- 
tively and the resistance values of the resistors R1 1 are 1 .5 kS and 1 .5 kS, respectively. 

As seen from FIG. 3, witii the diode D1 tumed on, the resonarrt frequency of the antenna device 10 Is 901 .5 MHz 
(point A) wHh its gain at -3 dBd. and as seen from FIG. 4, with the diode D1 turned off. the resonant frequency of tiie 
40 antenna device 1 0 is 940 MHz (point B) with its gain at -4dBd. 

The akx)ve is discussed further using equations. With the diode D1 turned on, the impedance of tiie diode D1 
becomes "zero", and the resonant frequency flon Is 

flon = • . ^ [Equation 1] 



so 



C0+C2 



as above. 

WItti ttie diode D1 turned off, the impedance of the dkxle D1 becomes "infinite", and tiie resonant frequency f 1 off is 

floff = ^ [Equation 2] 

Pir hn C0*C1'C2 

CO* C1+C1 • C2+C2-C0 

55 as above. 

In the above equations, LO represents the inductance value of the inductive component L of the conductor 15. CO 
represents the capacitance value of stray capacity 0 generated between tiie free end 14 of tiie conductor 15 and 
ground, 01 represents tiie capacitance value of the capacitor 012 constituting the parallel ctrcutt 16. and 02 represents 
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the overall capacitance value of the capacitors C13 arxJ C14 for adjusting the input impedance of the antenna de\^ice 
10. 

If the resonant frequencies with the diode D1 turned on and with the diode D1 turned off are compared with each 
other, the resonant frequency flon with the diode D1 turned on becomes lower. 
5 Since in the antenna device of the first emtxxJiment. the frequency adjusting circuit including the parallel circuit con- 
stituting the diode and the capacitor is connected in series with the antenna body, the capacitlve component of the 
antenna device is changed by turning on or off the diode. 

The resonant frequency of the antenna device is thus changed without changing the gain of the antenna device. 
More particutarty, the resonant frequency with the diode turned on is set to be lower and the resonant frequency with 
10 the diode turned off Is set to be higher. As a result even the antenna device itself has a narrow bandwidth, It works in 
a wide range of frequency, and can thus be used in the mobile communication apparatus performing transmission and 
reception on frequencies in a wide range. 

Since the antenna body arxj the parallel drcuit constituting the diode and the capacitor are mounted on the circuit 
board, a compact design is Implemented in the antenna device. The antenna device can thus be mounted on a portable 
IS mobile communication apparatus performing transmission and reception on frequencies in a wide range. 

The conpactty designed antenna device allows itself to be housed In the apparatus body of the mobile communi- 
cation apparatus, thereby eliminating any projections from the mobile communication apparatus. 

Since the capacitors (C1 1) for adjusting the input impedance of the antenna device are connected in series with 
the parallel circuit constituting the diode and the capacitor, the input impedance of the antenna device is adjusted by 
20 adjusting the capacitance value of these capacitors even if the turning on and off the diode deviates the input imped- 
ance of the antenna device off the characteristic impedance of the radio frequency circuit of the mobile communication 
apparatus to which the antenna device is mounted. 

Since the frequency adjusting circuit is connected to the one end of the conductor of the antenna body, the one end 
of the conductor of the antenna body is grounded through the capadtors for adjusting the input impedance of the 
25 antenna device, and the other end of the antenna body is left open, and the antenna device has thus a structure equiv- 
alent to a monopole antenna. The antenna device has a widened bandwidth, and works in a wider frequency range, and 
Is thus used in the mobile communication apparatus performing transmission and reception on frequendes in a wider 
range. 

FIG. 5 is a schematic diagram showing a second embodiment of the antenna da/ice of the present invention. An 
30 antenna device 20 is different from the antenna device 10 of the first emk)odiment (FIQ. 1) in that a parallel drcuit 21 
constituting a frequency acQusting circuit 12 indudes a diode D1 as a switching element and an inductor L11 as an 
Inductance element A capacitor C15 fbr blocking a direct current is connected in series with the inductor L1 1 . 

The change in the resonant frequency f2 of the antenna device 20 is now discussed using equation. With the diode 
D1 turned on, the impedance of the diode 01 becomes "zero", and the resonant frequency f2on is 

35 

f2on = — ^ [Equation 3] 

CO^ 

40 as above. 

With the diode D1 tumed off. the impedance of the diode D1 becomes Infinite", and the resonant frequency f2off is 
f2off = ^ [Equation 4] 



^ ^'W* ^ C0'C1+CUC2+C2'C0 

asatx)ve. 

In the above equations, LO represents the inductance value of the irxiuctive component L of the corxJuctor 15, LI 
represents the inductance value of the inductor L1 1 constituting the parallel circuit 21 . CO represents the capacitance 

so value of stray capacity C generated between the free end 1 4 of the conductor 1 5 and ground. CI represents the capac- 
itance value of the capadtor 01 5 constituting the parallel drcuit 21 , and 02 represents the overall capacitance value of 
the capacitors 013 and 014 fbr adjusting the input impedance of the antenna device 10. Because the capacitor 015 is 
intended to block a direct cunent, its capadtance value 01 is very large. The inductance value LI of the inductor L1 1 , 
therefore, affects more the resonant frequency than the capacitance value 01 of the capadtor 015. 

55 If the resonant frequencies with the diode D1 turned on and with the diode D1 turned off are compared with each 
other, the resonant frequency f2on with the diode D1 turned on becomes higher. 

Since in the antenna device of the second embodiment the frequency adjusting drcuit including the parallel drcuit 
constituting the diode and the inductor is connected in series with the antenna body, the inductive component of the 
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antenna device is changed by turning on or off the diode. 

The resonant frequency of the antenna device is thus changed without changing the gain of the antenna device. 

More particularly, the resonant frequency with the diode turned on is set to be higher and the resonant frequency with 

the diode turned off is set to be lower. 
5 FIG. 6 is a schematic diagram of a third embodment of the antenna device of the present invention. The antenna 

device 30 is different from the antenna device 10 of the first embodiment (FIG. 1) in that the frequency adjusting circuit 

1 2 is connected to the other end 1 4 of the conductor 1 5 of the antenna body 1 1 . 

FIG. 7 is a partial top view of the antenna device 30 of FIG. 6. The antenna device 30 is produced by nfx>unting, on 

a circuit board 33 having transmission lines 31 a - 31d and a ground electrode 32 thereon, the antenna body 11 , the fre- 
10 quency adjusting circuit 12 that is constructed of the diode D1. capacitors C11, C12 and resistor R11, and capacitors 

C13 and CI 4 for adjusting the input impedance of the antenna device 30. 

One end 13 of the antenna body 1 1 is connected to the transmission line 31b via the transmission line 31a and the 

capacitor 013. The transmission line 31b is connected to the radio frequency circuit RF while being connected to the 

ground electrode 32 via the capacitor 014. 
IS The other end 14 of the antenna body 1 1 is connected to the transmission line 31c. The transmission line 31c is 

connected to the ground electrode 32 via the diode D1 while being connected to a ground electrode 21 via the resistor 

R1 1, transmission line 31d, and capacitor Oil. The capacitor 012 Is connected in parallel with the diode D1 via the 

transmission lines 31c and the ground electrode 32. 

FIG. 8 shows the gain and voltage standing wave ratio of the antenna device 30 shown in FIG. 7 with the diode D1 
20 turned on, and FIG. 9 shows the gain and voltage standing wave ratio of the antenna device 30 shown in FIG. 7 with 

tiie cfiode D1 tumed off. Refem'ng to FIGS. 8 and 9. full lines represent the voltage standing wave ratio and broken lines 

represent the gain, and points A and B (marks a in FIGS. 8 and 9) show resonant frequencies in respective cases (with 

tiie diode D1 tumed on and ofQ. The capacitance values of capacitors 01 1 , 012, 013 and 014 are 1000 pF. 3 pF, 0.3 

pF and 2.5 pF, respectively and the resistance value of the resistor R1 is 3 kS. 
25 As seen from FIG. 8, with the diode D1 turned on. the resonant frequerx^y of the antenna device 10 is 819 MHz 

(point A) witii its voltage standing v^ve ratio at resonance at approxinfiately 2 and its gain at -3 dBd, and as seen from 

FIG. 9, with the diode D1 turned off. the resonant frequency of the antenna device 10 is 889 MHz (point B) witii its volt- 
age standing wave ratio at approxinnately 1 and its gain at -IdBd. 

The above operation Is now discussed using equations. With the diode D1 turned on. tiie impedance of the diode 
30 D1 becomes "zero", and the resonant frequency f3on is 

f3on o — ■ ^ [Equation 5] 

35 as above. 

With the diode D1 turned off, the impedance of the diode D1 becomes "infinite", and the resonant frequency f3off is 

f3off = — . [&1uation 6] 



40 



as above. 

In the above equations. LO represents ttie inductance value of the inductive component L of the conductor 15, 01 
represents the capacitance value off the capacitor 01 2 constituting the parallel circuit 1 6, and 02 represents the overall 
45 capacitance value of tiie capacitors 01 3 and 01 4 for adjusting the input inrpedance of tiie antenna device 1 0. 

If tiie resonant frequencies with the diode D1 turned on and with tiie diode D1 turned off are compared witii each 
otiier. tiie resonant frequency f3on with the diode D1 turned on becomes lower. 

Since in the antenna device of the tiiird embodiment, tiie frequency adjusting circuit including tiie parallel circuit 
constituting the diode and the capacitor is connected in series with the antenna body, tiie capacitive component of the 
so antenna device is changed by turning on or off the diode. 

The resonant frequency of the antenna device Is thus changed without changing tiie gain of the antenna device. 
More particularly, tiie resonant frequency with tiie diode turned on is set to be lower and tiie resonant frequency witii 
the diode turned off is set to be higher. As a result, even tiie antenna device itself has a narrow bandwidth, it works in 
a wide range of frequency, and is tiius used in tiie mobile communication apparatus performing transmission and recep- 
55 tion on frequencies in a wide range. 

Since the antenna body and the parallel circuit constituting tiie diode and the capacitor are mounted on the circuit 
board, a compact design is implemented in tiie antenna device. The antenna device can thus be mounted on a portable 
mobile communication apparatus performing transmission and reception on frequencies in a wkle ranga 
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The conrpactty designed antenna device allows itself to be housed in the apparatus body of the mobile communi- 
cation apparatus, thereby elinrtinating any projections from the mobile communication apparatus. 

Since the frequency adjusting circuit is connected to the other end of the conductor of the antenna body, the one 
end of the conductor of the antenna body is grounded through the capacitors for adjusting the Input impedance of the 
5 antenna device, and the other end of the antenna body is grounded through the frequency adjusting circuit, and the 
antenna device has thus a structure equivalent to a loop antenna. The antenna device is therefore affected less by the 
environment sun'ounding it, and the antenna characteristics such as gain and directivity are improved. 

FIG. 10 is a schematic diagram showing a fourth embodiment of the antenna device of the present invention. The 
antenna device 40 is different from the antenna device 30 of the third embodiment (FIG. 6) in that a parallel circuit 21 
10 constituting a frequency adjusting circuit 12 includes a diode D1 as a switching element and an inductor L1 1 as an 
inductance element A capacitor C15 for t>locking a direct current Is connected in series with the inductor L1 1 . 

The change in the resonant frequency f4 of the antenna device 40 is now discussed using equations. With the 
diode D1 turned on. the impedance of the diode D1 becomes ''zero", and the resonant frequency f4on is 



IS 



20 



f4on = — ■ [Equation 7] 

as above. 

With the diode D1 turned off, the impedance of the diode D1 becomes "infinite", and the resonant frequency f4off is 

f4off = — ==L== [Equation 8] 

*C2 



25 as above. 

In the at)ove equations, LO represents the inductance value of the inductive conrponent L of the conductor 15, L1 
represents the inductance value of the inductor L1 1 constituting the parallel circuit 21 . CI represents the capacitance 
value of the capacitor CI 5 constituting the parallel circuit 21 . and C2 represents the overall capacitance value of the 
capacitors C13 and C14 for adjusting the input impedance of the antenna device 10. Because the capacitor C15 is 

30 intended to block a current its capacitance value CI Is very large. The inductance value LI of the Inductor L1 1 , there- 
fore, affects more the resonant frequency than the capacitance value CI of the capacitor C1 1 . 

If the resonant frequencies with the diode D1 turned on and with the diode D1 tumed off are compared with each 
other, the resonant frequency f4on with the diode D1 tumed on becomes higher. 

Since in the antenna device of the fourth embodiment, the frequency adjusting circuit including the parallel circuit 

35 constituting the diode and tiie inductor is connected in series with the antenna body, the inductive component of the 
antenna device is changed by turning on or off the (fiode. 

The resonant frequency of the antenna device is thus changed without changing the gain of the antenna device. 
More particularly, the resonant frequency with the diode turned on is set to be higher and the resonant frequency with 
the diode turned off is set to be lower. 

40 FIG. 1 1 Is a perspective view of the antenna body 1 1 constituting the antenna devices 10, 20. 30 and 40. The 
antenna body 1 1 includes the conductor 15 spirally coiled in the rectangular parallelopiped base 1 manufactured of bar- 
ium oxide, aluminum oxide, and silica as Its main components, In the direction of length of tiie base 1 , the feeding ter- 
minal 2 and tiie free terminal 3 on the surfaces d the base 1 . The one end 13 of the conductor 15 is routed out of the 
surface of the t>ase 1 and is then connected to the feeding ternrunal 2 for feeding voltage to the conductor 1 5. The other 

45 end 14 of the conductor 15 is routed out of the surface of the base 1 , and is connected to the free ternrtinal 3. 

In the antenna body 11 constituting the antenna bodies 10 and 20 in the first and second embodiments, respec- 
tively, the otiier end 14 of tiie conductor 15 is open, and tiie free terminal 3 is therefore not required on the surface of 
the base 1 . Alternatively, the other end 1 4 of tiie conductor 1 5 may be left embedded in the base 1 ratiier tiian exposed 
out of tiie surface of ttie base 1 . 

so The use of barium oxide, aluminum oxide and silica as main components for the rectangular parallelopiped base 
slows velocity of propagation, shortening wavelengtti, and let e represent dielectric constant of the base, effective trans- 
mission line length is nwltiplied by e^^, tiiereby becoming longer than the effective transmission line length of conven- 
tional wire-like antenna. The area of cun-ent distribution Is therefore expanded, inaeasing quantity of radiated radio 
wave and enhancing gain of the antenna device. 

55 FIG. 12 and FIG. 13 are perspective views of modifications of the first antenna body 11 shown in FIG. 11. The 
antenna body 1 la shown in FIG. 12 comprises a rectangular parallelopiped base la. a conductor 15a spirally colled 
around tiie surfece of the base la in the direction of length of the base la, and a feeding terminal 2a and a free terminal 
3a on the surface of tiie base la. One end 13a of the conductor 15a is connected to the feeding terminal 2a for feeding 
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a voltage to the conductor 15a on the suiiace of the base la. The other end 14a of the conductor 15a is connected to 
the free terminal 3a on the surface of the base la. In this case, the conductor 15a is easily formed on the base la 
through saeen printing, and the manufocturing process of the antenna body 1 la is thus simplified. 

The antenna body 1 lb shown in FIG. 13 comprises a rectangular parailelopiped base lb, a meandering conductor 
5 1 5b formed on the surface of the base 1 b. and a feeding terminal 2b and a free terminal 3b on the surface of the base 
1 b. One end of the conductor 1 5b is connected to the feeding terminal 2b for feeding a voltage to the conductor 1 5b on 
surface of the base lb. The other end of the conductor 15b is connected to the free terminal 3b on the surface of the 
base lb. Since the meandering conductor 15b is formed on one principal surface of the base lb only, a low profile 
design is introduced in the base lb, and the antenna body 11b is also lowisrofiled accordingly. The meandering con- 
to ductor 1 5b may be formed within the base 1 b. 

FIG. 14 is a perspective view of an antenna component into which the antenna body 11, and the diode D1 and 
capacitor CI 2 constituting the frequency acljusbng circuit 12 of the antenna device 10 shown in FIG. 1 are integrated 
into a unitary body. 

The antenna component 50 has capacitor electrodes 52a and 52b forming the capacitor CI 2. respectively on the 
15 top of and inside a base 51 constituting the antenna body 1 1 . and the diode D 1 on top of the base 51 . 

Intemally to the base 51 . the anode of the diode D1 is connected to the one end of the conductor 15 of the antenna 
body 1 1 , to an external terminal 53a attached to the side surface of the base 51 and to the capacitor electrode 52b. Also 
intemally to the base 51, the cathode of the diode D1 is connected to the capacitor electrode 52a, and the capacitor 
electrode 52a is connected to an external terminal 53b on the side surface of the base 51 . With this arrangement, the 
20 parallel circuit 21 constituting the diode D1 and the capacitor CI 2 is connected in series with the conductor 15 of the 
antenna body 1 1 . 

Although it is not shown, the antenna component 51 is mounted along with the capacitors C1 1 and resistor R1 1 
constituting the frequency adjusting circuit 1 2, and the capacitors CI 3 and CI 4 for adjusting the Input Impedance of tiie 
antenna device 10. and thus forms the antenna device 10. 

25 Since in this case, the antenna txxiy. and the parallel drcuit constituting the diode and the capacitor, connected in 
series with tiie conductor of tiie antenna body, are integrated into the same base as a unitary txxty to be the antenna 
component, the frequency adjustment of the antenna device is performed in the antenna component only. Variations in 
performance of the antenna device is therefore caused less by variations in the mounting conditions of other parts such 
as resistors and capacitors* ttie yield of the antenna device is inaeased. and as a result, tiie yield of the mobile oom- 

30 munication apparatus is accordingly Increased. 

The antenna body has the conductor spirally coiled internally to or on the surface of the base, and attiiough in the 
above-embodiment, tiie antenna body has tiie meandering conductor on the surface of the base, tiie configuration of 
tiie conductor Is not important as long as the equivalent circuit of tiie conductor of the antenna body is fbmied of an 
inductive component and a resistive component. 

35 Although in the above discussion, the base of the antenna body or the base of the antenna component is manufac- 
tured of a dieiectaric material containing barium oxide, aluminum oxide and silica as its main components, the base is 
not limited to th'rs material, and the base may be manufactured of a dielectric material containing titanium oxide and 
neodymium oxide as its main components, a magnetic material containing nld^l. cobalt and iron as its main compo- 
nents, or a combination of the dielectric material and the magnetic material. 

40 Although the antenna body or the antenna component has a single conductor in the above discussion, the antenna 
body or the antenna component may have a plurality of conductors running in parallel. In such a case, tiie antenna 
device has a plurality of resonant frequencies oon-esponding to the number of tiie conductors, and one single antenna 
presents a multi-band capability. 

Although tiie diode is used as the switching element in tiie above discussion, a field-effect transistor or bipolar tran- 

45 sistor performs the same function. 

In tiie antenna component in which the antenna body and the parallel circuit constituting the switching element and 
the passive element are integrated on the same circuit board as a unitary body, tiie passive element is a capacitance 
element, but equal perfomriance will be achieved if tiie passive element is an inductance element. 

In tiie antenna devices 10 and 20 in the first and second emtxxliments, an RF choke constructed of a coil having 

so a large inductance or a transmission line having a XJ4 lengtii may be substituted for the resistor R1 1. In such a case, 
tiie impedance of the RF choke may be considered for the acOustment of tiie input impedance of the antenna device. 

In tiie antenna devices 30 and 40 in the third and fourth embodiments, an RF choke constructed of a coil having a 
large inductance or a transmission line having a 7JA lengtii may be connected in series witii the resistor R1 1 . In such a 
case, the overall Impedance of the resistor R1 1 and tiie RF choke becomes large, and the effect of resistive component 

55 of the radio frequency circuit RF of the mobile communication apparatus to which the antenna device 30 or 40 is con- 
nected, over the antenna device 30 or 40, is reduced. 

While tiie invention has been particularly shown and desaibed with reference to preferred embodiments thereof, it 
wilt be understood by those skilled man in the art that tiie forgoing and otiier changes in form and details may be made 
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therein without departing from the spirit of the invention. 
Clainis 

5 1 . An antenna device (10;20:30;40:50). conprlsing: 

an antenna body (11;51) including a conductor (15), an equivalent drcuit of said conductor comprising an 
inductive component (L) and a resistive component (R) in a series connection, 

wherein a frequency adjusting circuit (12) including at least a parallel circuit (16;21) of a switching ele- 
10 ment (D1) and a passive element (C12;L11) Is connected to said conductor (1 5) of said antenna body (1 1 ;51). 

2. The antenna device (1 0;20;30;40) according to daim 1 , wherein said antenna body (11) is connected in series with 
said frequency adjusting circuit (12). 

75 3. The antenna device (10;30:50) according to Claim 1 or 2, wherein said passive element is a capacitance element 
(C12). 

4. The antenna device (20;40) according to Claim 1 or 2, wherein said passive element is an inductance element 
(L11). 

20 

5. The arrtenna device (10;20) according to one of Claims 1 to 4. wherein said frequency adjusting circuit (12) is con- 
nected in series between said conductor (15) of said antenna body (1 1) and a high-frequency circuit (RF). 

6. The antenna device (30;40) according to one of Claims 1 to 4. wherein said conductor (15) of said antenna body 
25 (1 1) is connected in series between said frequency adjusting circuit (12) and a high-frequency circuit (RF). 

7. The antenna device (10;20;30;40) according to one of Claims 1 to 6. wherein another capacitance element (C13) 
for adjusting the input impedance of the antenna device is connected in series with said parallel circuit (16:21) of 
said switching element (D1) and said passive element (C12; L1 1). 

30 

8. The antenna device (10;20:30;40;50) according to one of Claims 1 to 7, wherein the antenna body (1 1 ;1 1a;1 lb) is 
a chip antenna which comprises a base (1 ;1a;1b;51) made of at least one of a dielectric material and a magnetic 
material, at least one said conductor (15; 15a; 15b) formed at least on an external surface of said base (1 ;1a;1b;51) 
or within said base (1 ;1a;1 b;51 ), and a feeding terminal, which is provided on the suriace of said base and to which 

35 one end of said conductor (15;15a;15b) is connected. 

9. The antenna device (50) according to Claim 8, wherein said switching element (D1) constituting said parallel circuit 
(16) Is mounted on said antenna txxly (51), and said passive element (C12) is provided witNn said antenna body 
(51). 

40 
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